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Modern wind-driven power-plants are predominantly designed to rest on tubular tow- 
ers, in particular steel tube towers, because this design, termed shell design, is the simplest 
and most economical. As regards large wind-driven power-plants having rotor diameters of 
more than 70 m and towers of heights in excess of 80 m, their output power being more than 
1.5 megawatt, the critical engineering limitation is the required tower diameter at the tower 
base. Towers of diameters larger than 4.3 m can be transported only with difficulty because 
frequently the clearance underneath bridges would not allow going through the underpass. 
Moreover the total length and weight of such towers demands subdividing them into several 
tower sections that are bolted to each other by annular flanges. In addition to transportation 
costs, such large annular flange connection means entail considerable costs when very 
large wind-driven power-plants (3-5 Mw) are involved. 

In view of the difficulties in transportation, concrete towers are used increasingly, be- 
ing manufactured either at the erection site of the wind-driven power-plant or else consisting 
of smaller components that will be bonded and braced together. Both types of towers how- 
ever entail higher manufacturing costs than tubular steel towers. As a result hybrids of steel 
pipes and concrete are sometimes built, of which the upper tower is as much as possible a 
steel pipe tower and only the lower tower segment, of which the diameter is too large for 
transportation, is made of concrete. However the transition zone between steel tower and 
concrete tower entails complex engineering and high costs. 

Furthermore lattice towers called power pylons up to 114 m high are already in use 
for large wind-driven power-plants up to 114 m high and allowing outputs up to 2 Mw. Be- 
sides the advantage of problem-free transportation, such towers however also incur the criti- 
cal drawback of a much larger horizontal expanse than a comparable steel tube or concrete 
tower, frequently raising the problem of the required safe distance between the rotor blade 
tip and the tower (blade clearance). If in the event of a weather storm, if the rotor blade were 
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to be excessively bent out of shape, there will be danger of contact with the tower and dire 
consequences for the entire edifice. 

On the other hand the larger horizontal expanse of the lattice tower allows saving 
materials. This advantage is known in the construction industry and saves on total weight 
5 and hence lowers initial costs. On the other hand this economic advantage is negated in 
general by the tower maintenance costs required over a service life of 20 years. Illustratively 
the dynamically highly stressed towers of the wind-driven power-plants must be checked pe- 
riodically, where such maintenance at the lofty heights of the lattice towers is dangerous, 
time-consuming, physically exhaustive and must be carried out by highly skilled specialists. 

10 It is known from the German patent documents DE 736,454 and DE 198 02 210 A1 

that the tower may comprise an upper and a lower segment, the lower one being a lattice 
tower and the upper one being tubular. 

Such designs suffer from the drawbacks of very demanding engineering work at the 
transition zone between the shell construction (tubular tower) and the framework construc- 

15 tion (lattice tower). As a result, as regards extant lattice towers for wind-driven power-plants, 
in general only a tubular stub, the so-called "pot", hereafter "stub", will be inserted directly 
underneath the equipment nacelle to implement the transition to the equipment nacelle fitted 
with an annular flange. In such designs the transition is implemented in general by typically 
bolting four corner posts of the lattice tower by means of junction plates or the like directly 

20 and from the outside on the stub. This design works because the tower is directly under- 

neath the nacelle and thereby experiences only relatively low bending forces. In such a de- 
sign substantially only the horizontal rotor thrust acting as a transverse force on the tower 
need be transmitted. Farther below, where the tower is primarily loaded by the rotor thrust 
bending torque generated by the leverage of the tower length, such a design becomes un- 

25 economical. 
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The objective of the present invention is to design a tower for large wind-driven 
power-plants in a manner to eliminate the drawbacks of the state of the art, in particular re- 
garding transportability, economics, maintenance and blade clearance. 

This problem is solved by a wind-driven power-plant tower defined by the features of 
5 claim 1. 

In a manner known in the state of the art, the tower is fitted with an upper tubular 
tower segment and with a lower tower segment which, being a lattice tower, is fitted with at 
least three corner posts. The two tower segments are joined to each other at a transition 
site , the dimensions of the upper tower segment being substantially smaller in the transition 
10 zone than the dimensions of the lower tower segment. 

In the present invention, the upper tower segment constitutes at least one sixth of the 
entire tower. This feature offers the advantage that an advantageous standard design may 
be used in the upper tower region 

Furthermore the torsion loads in the upper tower region are much higher because of 
15 its lesser cross-section than in the lower tower segment. Because a tubular tower exhibits 

high resistance to torsion, the torsion forces can be absorbed better, for instance using a lat- 
tice tower. 

As already mentioned above, the transition zone from the lower tower segment to the 
upper one is problematical. The reason is that the forces must be transmitted from the tubu- 

20 lar cross-section of the upper tower segment to the three or illustratively also four corner 

posts of the lower tower segment. The simplest solution would be for instance a plate to 
which the upper and lower tower segments would be affixed. However such a plate would 
entail the drawback of perforce being very large to withstand such forces and thus would 
also be commensurately expensive. 

25 While the present invention also provides that the lower tower segment cross-section 

underneath the transition zone be larger than that of the upper tower segment, on the other 
hand it does design the transition zone in a manner to optimally match the cross-section of 
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the lower tower segment to that of the upper segment as regards the distribution of forces. 
In this manner the present invention offers the advantage of a transition zone that the force 
distribution passing from the upper tower segment to the lower one shall be optimized and 
that thereby the need to oversize the entire transition zone has been eliminated. 
5 The synergy of the above features of the invention leads to an optimally designed 

tower. In its upper segment, the tower of the present invention is a standard tower. As re- 
gards the lower tower segment, which for instance because of its dimensions no longer can 
be designed as a tubular tower because no longer being transportable, it will be a lattice 
tower. Using a lattice tower moreover offers a great advantage with respect to an offshore 
10 wind-driven power-plant, namely that its effective surface of wind incidence is less than that 

of a tubular tower. The advantageously matched transition zone leads to a lattice tower seg- 
ment of which the corner posts and strut means are thinner, allowing reducing the tower 
weight and related costs, which are a substantial part of the total cost of the wind-driven 
power-plant. 

15 Relative to the tower axis, each corner post may subtend a slant selected in a man- 

ner that in a conceptual extension of said corner posts, their longitudinal axes will cross each 
other at a virtual intersection point. Advantageously the tower of the present invention shall 
be configured in a way that the virtual intersection point of the corner posts shall be situated 
in a region, above the transition zone, that extends upwards or downwards from the nacelle 

20 by a third of the tower length because in that manner the corner posts are loaded only by 

perpendicular forces but not by bending. 

In general lattice towers are fitted with strut means between the corner posts to addi- 
tionally withstand forces. By configuring the intersection point in the upper region of the 
wind-driven power-plant, the invention channels the force distribution predominantly through 

25 the corner posts and consequently the force distribution in the strut means shall be at a 

lesser level. In this manner the applied loads to the strut means are advantageously mini- 
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mized and therefore they may be made more compact, so that again the welding seam vol- 
ume at the leg connections is advantageously reduced (cost savings). 

In one advantageous embodiment mode of the invention, the transition zone is con- 
figured in a way that the cross-section of the lower tower segment tapers toward the cross- 
5 section of the upper tower segment and that, in especially advantageous manner, this taper 

shall run along a length corresponding at least to the lower tube radius. 

In further advantageous embodiment modes of the present invention, the transition 
zone is constituted by a transition unit designed in a manner that the horizontal tower 
expanse in its lower segment shall be substantially larger than that in the upper segment. 

10 Actually the substantial kinks so entailed do conflict with present building regulations be- 

cause, especially as regards shell construction, any kind of kinks will result in increases in 
forces that weaken the supporting structure. However, by resorting to the steps defined in 
the dependent claims, these indisputable drawbacks of the two kinks in the design of the in- 
vention can be negated or the kinks may be avoided entirely in order to fully make use of the 

1 5 advantages of the design of the present invention. 

As regards the state of the art, such kinks arising in shell construction are known only 
in very small wind-driven power-plants wherein force optimizing has not yet been a substan- 
tive factor. Instead the emphasis in manufacture has been to exploit the possibility of simply 
and economically connecting tubes having diameters readily available on the market. As re- 

20 gards such small equipment (less than 300 Kw output), extant short tubular towers were de- 

posited by means of strongly conical adapters on tubular lower parts of larger diameters. 

As regards modern wind-driven power-plants with outputs larger than 1 Mw, only tu- 
bular towers susceptible to slight kinking (maximum: 5 - 8°) are economical in the state of 
the art, such kinking basically being located relatively close to and underneath the 

25 equipment nacelle. Such designs illustratively discussed in "European patent document EP 

0 821 161 are known as "doubly conical towers" mainly allowing using a large affixation 
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flange at the connection site to the 'equipment nacelle and they serve to match the natural 
component frequency to requirements. 

In a further advantageous embodiment of the present invention, the transition be- 
tween the upper and lower tower segments advantageously shall be situated (where called 
5 for directly) underneath that horizontal plane which is defined by the rotor blade tip when the 

rotor blade points vertically down. This design allows avoiding, in simple manner, all known 
drawbacks of the state of the art. 

The upper tower segment being tubular, the requirement of slenderness and previ- 
ously unattained economy is met, furthermore simple maintenance with weather-sheltered 

10 ascent means and working space also are critical advantages at said great height. The 

moment the size of the tubular tower reaches its transportation limits, a lattice tower is in- 
serted in the lower tower segment underneath the plane of the blade tip. Said lattice tower 
on account of its considerably larger horizontal expanse allows substantial savings in mate- 
rial and hence greater economy. The maintenance problem is less critical in the lower tower 

15 segment because the state of the art already makes available cherrypickers allowing the 

maintenance personnel to access in simple and comfortable manner the lower tower seg- 
ment. 

Another drawback of lattice towers, namely that icing in cold' weather constitutes a 
substantial additional weight on account of the large surface of the latticework, is substan- 
20 tially reduced in the present invention in that said additional weight only acts on the lower 

tower segment which is much less critical statically and dynamically. 

Accordingly the transition zone is configured at a distance from the rotor axis which 
may be from 1 .0 to 1 .6 fold and in particular 1 .0 to 1 .3 fold the rotor radius. 

To allow transporting the transition unit, the upper region of the said unit shall be de- 
25 signed in especially advantageous manner whereby, during assembly of the wind-driven 

power-plant at the site of erection that said unit shall be affixed, preferably in detachable 
manner, to the upper tower segment. 
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Again the lower region of the transition unit is advantageously designed to be con- 
nected by a preferably detachable affixation means to each corner post of the lattice tower. 

In addition to the corner posts, several strut means also may be advantageously 
screwed onto the lower region of the transition unit. 
5 As found empirically in steel-tube/ concrete hybrid towers, the flange connection to 

the tubular tower must be considered being especially critical. 

Accordingly an especially advantageous embodiment mode of the present invention 
provides that the detachable connection between the upper region of the transition unit and 
the upper tower segment is fitted a two-row screw flange situated preferably at the inside of 
10 the connection site and a matching T-flange configured at the upper tower segment. 

Fitting said connection site with a large, double row flange moreover offers the ad- 
vantage that the flange simultaneous acts as a buckling brace for the excessive forces de- 
flected at the outer contour kink. In this manner the excessive forces caused by buckling are 
partly but effectively reduced. 
15 Advantageously the lower region of the transition unit comprises connection sites for 

plate-junction affixation to the lattice tower's corner. 

Because the upper tower applies a considerable additional weight on the lower lattice 
tower, the corner posts of the lattice tower are very advantageously in the form of a hollow 
construction shape in order to prevent kinking caused by the loads from the tubular tower. 
20 The transition unit design is further very advantageous in that the finished height of 

the transition unit remains within the admissible transportation height. As a rule the maxi- 
mum shipping height in Germany is 4.3 m because of the limited clearance under over- 
passes, though goods 5.5 m high may still be transported along selected routes. 

If on account of size the transportation of the transition unit in one piece should be 
25 impossible - as regards very large wind-driven power-plants (about 3-5 Mw output) - an- 

other embodiment of the present invention provides in very advantageous manner that said 
transition unit shall be built in at least two sub-units preferably detachably connected to 
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each other at the connection site. Connection then may be carried out for instance advanta- 
geously by means of screw flanges or brackets, though welding together the sub-units at the 
site of erection also may be an economical solution when the connection sites are situated in 
low-load zones. 

5 In this respect the transition unit may be sub-divided in especially advantageous 

manner by a vertical partition plane into at least two sub-units. Sub-division into a number of 
sub-units corresponding to the number of lattice tower corner posts is especially economical 
on grounds of manufacture. 

In another advantageous embodiment of the invention, sub-division of the transition 
10 unit shall be in at least one horizontal partition plane. 

Regarding especially large wind-driven power-plants, both types of sub-division obvi- 
ously may also be combined. 

In one advantageous embodiment of the present invention making full use of the 
maximum admissible height of transportation, the design of the transition unit or of its sub- 
15 units is such that, by means of adapter elements mounted on the extant connection sites or 

on those especially designed for this embodiment, said unit can be transported on a low- 
loader trailer. 

Depending on the size and weight of the transition unit or sub-units therefore, trans- 
portation of several transition units or sub-units connected to each other directly or indirectly 
20 (by adapter elements) also is provided-for on low loader trailers. Such a procedure illustra- 

tively offers the feasibility to screw together the sub-units of an excessively high two-part 
transition unit at the (half) annular flanges and then keep them prone in order to stay within 
the permissible transportation height on a low loader trailer. 

The transition unit may be designed in especially efficient manner in another em- 
25 bodiment of the invention by being fitted a wall and being built as a shell. 

In especially advantageous manner, the basic shape of the transition unit substan- 
tially corresponds to a markedly conical tube of which the mean wall slant relative to the cen- 

SCH-1 6499 Page 8 of 26 



ter axis is larger than the wall slant of the lower region of the lattice tower and/or than the 
slant of the upper region of the lattice tower corner posts. 

In this respect the mean slant is defined as the angle subtended between the vertical 
(or also the center line) and a conceptual line from the maximum expanse in the upper re- 
5 gion of the transit unit to the maximum horizontal expanse in the lower region. 

In order to carry out in especially advantageous manner the pronounced increase of 
horizontal tower expanse of the invention , the mean slant of the transition unit wall relative 
to the center axis should be at least 15, preferably more than 25°. 

As regards the basic shape of the transition unit being a conical tube, arbitrary tube 
10 cross-sections may be used, namely triangular, square, highly polygonal (for instance 16 

corners), also circular cross-sections. The invention also explicitly includes conical tubes of 
which the cross-section varies with length. 

An especially advantageous embodiment mode provides in this respect that the tran- 
sition unit's cross-section shall smoothly change from being substantially circular in the up- 
15 per region into a substantially polygonal cross-section, preferably triangular or square, in the 

lower region. "Circular" in this context also may denote being highly polygonal, for instance 
containing 16 corners. 

If the connection to the tubular tower is implemented by an annular flange, this flange 
may smooth the transition for instance from a 16-corner transition unit to the circular tubular 
20 tower. 

If at least the lower portion of the tubular tower also is polygonal, affixation can be 
carried out in problem-free manner using junction plates. If the slants of the transition unit's 
side surfaces to the tubular tower wall vary, an additional buckling brace may be used as 
called for. 

25 In especially advantageous manner, savings in material and weight can be attained 

by fitting the transition unit wall with at least one clearance. By resort to skillfully shaped 
clearances, the force distribution may be improved relative to the design devoid of clear- 
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ances. This feature applies in particular to archway-shaped clearances running from corner 
posts to corner posts. 

Further optimization of the force distribution is attained by rib-shaped or door-frame 
like bracing at the edges of the arch-shaped clearances. 
5 Advantageously horizontal supports are configured between the corner posts of the 

lattice tower in the lower region of the transition unit for the purpose of increasing latter's ri- 
gidity, said supports joining to each other the adjacent corner posts and/or diagonally oppo- 
site corner posts. 

These horizontal supports may be joined integrally to the transition unit or, in espe- 
10 cially advantageous manner, they may be affixed by the junction plate connection between 

the transition unit and the corner posts. 

A further advantageous embodiment mode of the present invention increases the 
transition unit rigidity by a configuration of ribs in at least four corner posts to rigidify the con- 
necting lines of diagonally opposite corner posts. 
15 In an especially advantageous embodiment, the transition unit is made by casting. 

The inherent shaping versatility of cast components allows therefore avoiding ex- 
treme forces at the kinks by providing gentle, rounded transitions. 

An especially effective design taking account of force distribution calls for the transi- 
tion unit's wall annulus being convex when seen in vertical cross-section, this feature allow- 
20 ing especially gentle transition from the flange in the upper region to the corner posts in the 

lower region. 

In particular the slant of the connection sites in the transition unit's lower region 
should be designed in especially advantageous manner so that it corresponds to the slant of 
the lattice tower's upper region corner posts. 
25 Construction using cast components also is especially advantageous with multi-part 

transition components exhibiting vertical partition planes because illustrative 4 identical cast 
components can be assembled into one transition component (economy of large numbers). 
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Casting materials used for the casting embodiment modes illustratively are steel casting ma- 
terials or granulated graphite cast irons, for instance GGG40.3. 

If only a few towers of the invention should be built, the transition unit design by weld- 
ing will be especially advantageous because then avoiding the high costs of casting. 
5 In the state of the art, the transition to the concrete pedestal frequently is also im- 

plemented by T-flanges and therefore a further advantageous embodiment mode of the 
present invention provides makes available a modular construction sequence of towers us- 
ing the hybridization concept of the present invention, whereby an extant tubular tower (for 
instance an 80 m tower for a 1.5 to 2.5 Mw machine) is deposited by means of the transition 

10 unit onto different lower portions (for instance 30, 50 and 70 m high) in the form of a lattice 

tower in order that, depending on site, total tower heights of 110, 130 and 150 m are at- 
tained. In this manner even heretofore uneconomical inland sites may become available for 
economic wind power. 

In a further advantageous embodiment of the present invention, the lower tower 

15 segment in the form of a lattice tower comprises several superposed floors where each floor 

always includes the corner posts and at least one bracing running diagonally between the 
corner posts. 

In further advantageous embodiment of the present invention, the slope of the diago- 
nal strut means is identical at all floors and as a result of this identical identity, the connec- 
20 tion points between the legs and the strut means are also made identical. This design offers 

the advantage that identical nodes may be used to connect the corner posts and the strut 
means. Tower design is advantageously optimized in this manner. Heretofore the corner 
posts and strut means were matched to each other at assembly and then were welded in 
expensive manner. 

25 Compared to welded junctions, cast junctions may be made significantly more com- 

pact and hence more economically. To attain sufficient strength, welded junctions must in 
general be designed so that the weld seams shall not intersect. As a result, the junctions 

SCH-16499 Page 11 of 26 



frequently must be stretched in the zone of the tube transitions, and this requirement does 
not arise in cast junctions. Both corner posts and diagonal struts, preferably standard tubu- 
lar shapes, for instance used in pipeline construction, may be used between the junctions for 
further improvement in economy. Connection may take place by means of screw flanges or 
5 by welding. 

Using identical junctions offers the advantage they can be pre-fabricated and that the 
corner posts and strut means during tower assembly need only be inserted into the junctions 
and be welded or screwed tight. This feature is a substantial simplification in the work en- 
tailed during lattice tower erection. Furthermore substantial savings are made on account of 

10 mass-producing identical junctions. 

Especially as regards offshore power-plants comprising a lattice tower, additional 
tubes must be provided to lay the cables connecting to the electric grid. On account of the 
waves, such additional tubes present additional stressed surfaces in an offshore power- 
plant, entailing additional loads on the lattice tower. Accordingly an advantageous embodi- 

15 ment of the present invention provides that, to secure reduced wave loading, the cables 

used to hook up the wind-driven power-plant to the external electric power supply be placed 
in the corner posts of the lattice tower segment. In a further advantageous design of the in- 
vention, cable protecting pipes are pre-positioned in the corner posts to receive said cables. 
Said protective pipes advantageously are made of plastic and allow pulling the cables 

20 through them once the tower has been erected and anchored on the sea bottom. 

Further features, advantage and details of the invention are disclosed in part by the 
description below and are partly made plain by it or result from the practical application of 
the invention. Two embodiment modes of the invention are described comprehensively. It is 
understood that other embodiment modes may be used and that alterations may be intro- 

25 duced without thereby transcending the scope of the present invention. Accordingly the fol- 

lowing comprehensive description must not be construed narrowly, in particular details of 
both embodiment modes also may be interchanged at will. 
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The present invention is elucidated below in relation to the following drawings. 
Fig. 1 shows a wind-driven power-plant of the state of the art, 
Fig. 2 is an overall view of the tower design of the present invention, 
Fig. 3 shows a detailed view of one embodiment mode of the transition unit of the 
5 present invention, 

Fig. 4 is a detailed view of another embodiment mode of the transition unit of the in- 
vention, and 

Fig. 5 is the geometric development of the wall of the transition unit of Fig. 4. 

Fig. 1 shows a wind-driven power-plant of the state of the art where the supporting 
10 tower 10 is made up of two superposed tower variations, namely a tubular tower 10A and a 

lattice tower 10B. The tower 10 bears an equipment nacelle 30 which is rotatable about the 
vertical tower axis and which supports a rotor 20 bearing at least one rotor blade 22 having a 
blade tip 23 and being rotatable about a substantially horizontal axis. This view shows a 
three-blade rotor, the horizontal plane of the rotor blade tip 23 in its lowermost position being 
15 denoted by a dashed line 25. 

Besides the rotor bearing, the equipment nacelle 30 conventionally also contains a 
generator, where called for a gear unit, a wind tracking system, various electric components 
and further accessory systems. Such parts are omitted for the sake of clarity. 

Because of transportation, the tubular tower 10A is fitted with several flange connec- 
20 tions 12A. In the state of the art, these flange connections are unilateral, in general inward 

pointing annular flanges. In the state of the art, only the lowest flange is designed as a T 
flange (double row flange pointing inward and outward) as the transition means to the ped- 
estal 18B. 

In the embodiment variation of a lattice tower 10B, the transition to the annular flange 
25 of the equipment nacelle is conventionally implemented by a relatively short transition unit 

14B called "pot", i.e. a "stub". The lattice tower in general rests by each corner posts 1 1B of 
individually built pedestals 18B. 
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The graphically superposed tower variations, namely the tubular tower 10A and the 
lattice tower 10B f show by means of the horizontal plane tangent to the lowest position of the 
rotor blade tip(s) 25 that the distance (blade clearance) between the blade and the tower is 
substantially smaller for the lattice tower 10B and hence much more critical than for the tubu- 
5 lar tower 1 0A. 

Fig. 2 is an overall view of a wind-driven power-plant where the tower design is that 
of the present invention. As in Fig. 1, the references 20 and 30 respectively denote the rotor 
and the equipment nacelle. In its lower segment 41 , the tower 40 is a lattice tower 42 which, 
in the shown embodiment, is fitted with four corner posts 43 and a plurality of diagonal struts 

10 44, and in the upper segment 46, said tower is a substantially tubular tower 47. 

The connection of the lattice tower 42 to the tubular tower 47 takes place in a transi- 
tion range designed in a manner that the lattice tower's cross-section is optimally matched 
with respect to force distribution in the tubular tower "Optimized force distribution" herein de- 
notes a design which, either by means of a continuous change in geometry creates a gentle 

15 geometric transition between the various cross-sectional shapes of the upper and lower 

tower segments and hence averts force peaks in the transition zone, and/or, by means of 
suitable ribs and/or struts, shunts force peaks present in said transition range into the 
hookup construction. The assumption of a valid force distribution is vertical length — once 
the tower is erected — of said transition zone which is equal at least to the length of the ra- 

20 dius of the lower tubular tower diameter and/or the use of supporting elements (shells, ribs, 

struts) with substantially connect the corner posts of the lower lattice tower to the upper tu- 
bular tower wall. 

In the shown embodiment mode, the transition zone is configured in such a way that 
a transition unit 50 is mounted directly underneath the horizontal plane 25 of the rotor blade 
25 tip 23, said unit's horizontal expanse being considerably larger (more than 50%) in the lower 

region 70 than in the upper region 60. 
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The tubular wall slant of the upper tower segment 46 is slight in its lower region rela- 
tive to the vertical and is denoted by a. Similarly the slant of the upper region of the corner 
posts 43 of the lattice tower 42 in the lower tower segment 41 is denoted by p. 

In an optimal lattice tower segment, the corner posts 43 are at a slant selected in a 
5 manner that they intersect one another at a conceptual extension of these posts (shown in 

Fig. 2 by a dashed line) at a virtual intersection point VS. In the shown embodiment, the 
position of the virtual intersection point is configured in a region extending, as seen from the 
nacelle, a third of the tower length downward. Depending on the combination of transverse 
force and bending torque in the anticipated, size-determining load, the optimal virtual inter- 
10 section point also may be located above the nacelle. 

The mean slant y of the transition unit 50 is defined as the angle subtended between 
the vertical and a conceptual line from the maximum horizontal expanse in the upper region 
60 to the maximum horizontal expanse in the in the lower region 70. 

In the shown and especially advantageous embodiment of the invention, the angle y 
15 is substantially larger than the slant p of the lower tower segment 41 and also than the slant 

a of the upper tower segment. 

Conceivably too, the individual corner posts may be bent and thereby assume differ- 
ent slants from which a mean slant of the corner posts might be defined similarly to the case 
of the transition unit. 

20 Fig. 3 is a detailed view of a possible embodiment variation of the tower of the inven- 

tion which comprises a cast, multi-part transition unit. A sideview is shown on the right of the 
line of symmetry, while the left portion of Fig. 3 is a vertical section. The lattice tower 42 is 
shown cropped and constitutes the lower tower segment, essentially consisting per se of 
four corner posts 43 and diagonal struts 44. The tubular tower 47, also shown cropped, and 

25 its walls 48 constitute the upper tower segment. 

One embodiment mode of the transition unit 50 is in the form of a cast concrete shell 
with a wall 52 and arch-shaped clearances 53. In its upper region 60, the transition unit is 
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connected by a flange connector 61 to the tubular tower 47 and, in its lower region 70, by 
four junction plates 71 to the corner posts 43 of the lattice 42. 

In the upper region 60 of the transition unit 50, the wall 52 smoothly merges into an 
annular, two-row screw flange 64. The wall 48 of the tubular tower 47 is welded to a T 
5 flange 62 which, by means of an inner circle of screws 66 and an outer circle of screws 68, is 

screwed to the flange 64 of the transition unit 50. The inner set of screws 66 is a conven- 
tional steel construction feedthrough system, whereas the outer set of screws 68 of this em- 
bodiment mode is a blind hole screw system because in this manner the thickness distribu- 
tion of the wall 52 of the transition unit 50 is especially advantageous for optimal force distri- 

10 bution. Obviously the wall 52 of the transition unit 50 may be extended slightly further out- 

ward whereby the outer screw affixation system 68 also can be implemented as a 
feedthrough screw affixation system, in this case however, the transition unit 50 will be 
somewhat heavier and hence somewhat more expensive. 

In the lower region 70 and at four connection sites 72, the wall 52 merges into the 

15 corner posts 43. The connection is implemented by a junction plate system 71 using an ex- 

ternal plate 76 and an inner plate 78 that are screwed by a plurality of bolts to the connection 
site 72 and to the corner post 43. The slants of the connection site 72 and of the upper re- 
gion of the corner post 43 being identical, planar plates can be used as the junction plates 
76, 78. 

20 As regards reducing the number of parts, a further embodiment mode of the 

invnetion provides directly screwing the corner posts 43 to the connecting sites 72 of the 
transition unit 50. However in this embodiment mode the force distribution from the corner 
post 43 into the wall 52 of the transition unit 50 is slightly less advantageous. 

To rigidify the lower region 70 of the transition unit 50, horizontal supports 45 are af- 

25 fixed between the four corner posts 43. These posts may selectively connect the adjacent 

corner posts 43 or also the mutually opposite corner posts 43 and hence the diagonals of the 
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lattice tower 42. Where called for both designs may be used jointly in order to attain espe- 
cially rigid and hence advantageous construction. 

For the sake of simplicity, the connection between the diagonal struts 44 and the 
horizontal supports 45 to the plate junction 71 has been omitted. However such connections 
5 are adequately known in the state of the art, for instance when joining multi-part corner 

posts. 

For an outer diameter of 4.3 m of the T-flange 62 of the tubular tower 47, the shown 
transition unit 50 subtends a transportation height also of 4.3 m, the lower transportation 
width being about 7 m. Such dimensions allowing only limited transportability, a preferred 

10 embodiment mode of the invention provides that the transition unit 50 be composed of sev- 

eral parts. For that purpose the transition unit 50 is sub-divided by a vertical partition plane 
into a left sub-unit 57 and a right sub-unit 58. The sub-units 57, 58 are joined to each other 
by screw flanges 56. As an alternative to the screw flange 56, an advantageous further em- 
bodiment of the invention uses plate junctions to connect the sub-units 57, 58 of the transi- 

15 tionunit50. 

Said sub-division lowers transportation costs when the two-sub-units 57, 58 are laid 
flat up to a height of transportation of about 3.5 m at a width of about 4.3 m so that transpor- 
tation, within Germany at least, shall be problem-free. 

An especially advantageous embodiment mode of the invention sub-divides the tran- 
20 sition unit symmetrically to the center line into four sub-units, making it possible either to at- 

tain even lesser transportation dimensions or to transport easily even larger transition units. 
Where the transition units are substantially larger, the invention additionally sub-divides the 
transition unit about a horizontal plane. 

The shown embodiment mode of the transition unit as a cast unit offers the advan- 
25 tage that the wall 52 can be fitted in problem-free manner with a variable thickness, enabling 

very effective use of material. The highly loaded regions, such as the convex transition to 
the annular flange 64, or the connection site 72 in the form of a plate junction 71 to the cor- 
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ner post 43 of the lattice tower 42, may be provided with thicker walls than less-loaded re- 
gions. Also the boundary of the arch-shaped clearance 54 may be fitted for instance with a 
rigidifying rib. Cast construction furthermore allows optimal and smooth force distribution in 
the transition from the circular cross-section in the upper region 60 of the transition unit 50 to 
5 the illustratively shown square cross-section in the lower region 70 of the transition unit 50. 

Where the tower design of the present invention is applied offshore, the space avail- 
able in the transition unit may be used advantageously and efficiently to receive for instance 
electrical drive means (converters, switching equipment, transformer), a spare parts storage 
bin, optionally a small workshop) or as an emergency shelter for maintenance personnel or 

10 even a visitor room. For that purpose the present support structure may be completed by 

means of additional walls into a closed space which obviously would be fitted with the re- 
quired emergency access/exit facilities and where called for with windows and climate con- 
trol means. As regards configuring the electric drive means within the transition unit, an es- 
pecially advantageous embodiment mode of the invention installs them in said transition 

15 unit already at the manufacturing plant, and tests them there, and transports the transition 

unit together with said integrated means as a so-called power module and then to the erec- 
tion site. 

Fig. 4 is a detailed view of a further embodiment mode of the transition unit of the in- 
vention which in this instance is manufactured by welding. The lower drawing of Fig. 4 is a 
20 topview of the transition unit 50 and the upper drawing shows a vertical cross-section of the 

transition unit along the line A-B. 

The basic design being very similar to that of Fig. 3, already discussed comprehen- 
sively above, essentially only differences will be discussed below. 

The wall 52 of the transition unit 50 is a constant-thickness metal plate which is rolled 
25 inward in the upper region and which, in the lower region 70, is canted to the geometry of the 

corner posts 43. 
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The mean slant y of the transition unit 50 — defined as the angle subtended between 
the vertical and a conceptual line from the maximum horizontal expanse in the upper region 
60 to the maximum horizontal expanse in the lower region 70 - is substantially larger than 
the slant of the corner posts 43 of the lattice tower 42 and of course also larger than that of 
5 the tubular tower since latter is cylindrical in the shown embodiment mdoe. 

Using a cylindrical tubular tower allows economical manufacture; it is possible solely 
because the lattice tower is made very rigid, whereby the overall structure can be made suf- 
ficiently rigid even when foregoing widening the tubular tower to increase rigidity. A cylindri- 
cal tubular tower is especially appropriate when the azimuth bearing the nacelle being ro- 
10 tatably mounted on the tower) is selected to be very large because this selection allows 

making the tubular tower very rigid without widening it. 

In order to easily carry out the construction by welding, the junction plate 72 subtends 
in the lower region 70 of the transition unit 50 a slant that differs from that of the corner posts 
43. As a result, the connection is implemented using junction plates 76 that are selected 
15 thick enough to absorb the forces arising from deflecting the applied loads. The bent junc- 

tion parts may be thick metal-plate and where called for welded steel plate; however a fur- 
ther embodiment of the invention also uses cast metal junction plates. 

Because said force deflection warps the junction plate connections inward (toward 
the tower axis), the invention provides thick horizontal supports 45 diagonally between every 
20 two mutually opposite corner posts 43. (For simplicity, the lower part of Fig. 4 only shows 

one such support 45 by dashed lines). In this manner the deflection of the forces can be re- 
liably controlled, the construction costs being substantially lower, though the weight is some- 
what larger, than for cast constructions. 

A further embodiment of the invention rigidifies the arch-shaped clearances 53 just 
25 as for the case of cast construction, this embodiment being implemented in especially ad- 

vantageous manner in the form of a weld-affixed strip 55 of metal plate (as for a door frame). 
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This welding embodiment offers the advantage of lower manufacturing costs when produc- 
ing only a few finished products, and simplifying monitoring/checking by official inspectors. 

Fig. 5 is the geometric development of the transition unit of Fig. 4. The highly advan- 
tageous structural shape can be manufactured very simply from the baked metal plate as 
5 one piece or preferably, in the shown illustration of the lattice tower, in four pieces with four 

corner posts (indicated by dashed lines). The metal plate(s) are rolled conically for that pur- 
pose, additional edges being advantageous in the transition region to the corner posts to as- 
sure good transition to these posts. If sufficiently large rolling equipment is unavailable, the 
essentially circular shape at the transition to the upper flange also may be fashioned by a 
1 0 plurality of smaller edges. 
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